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We explored the hypothesis that dermal fibroblasts isolated 
from patients suffering from systemic sclerosis are disturbed 
in their ability to interact functionally with native collagen 
fibers. Additionally, we investigated the expression of one 
collagen-binding integrin matrix receptor, aJjl on those 
cells. Two populations of primary dermal fibroblasts were 
established, one from patients with systemic sclerosis and one 
from normal subjects. When cultured for 24 h in free-float-
ing collagen gels. both types of fibroblasts down-regulated 
the cellular content of collagen pro-al (I) messenger ribonu-
cleic acid, the systemic sclerosis fibroblasts less markedly than 
the normals. In normal, but not in systemic sclerosis fibro-
blasts, the kinetics of collagen gel contraction were directly 
proportional to the extent of the down-regulation. Fetal bo-
vine serum stimulated collagen gel contraction in both popu-
lations. When grown in collagen gels in the presence of fetal 
Systemic sclerosis (SSc) is an autoimmune connective tissue disorder that occurs predominantly in women and is char-acterized by over production of collagen, vascular dam-age, and the development of fibrotic and vascular lesions in the skin and internal organs [1,2]. The pathogenesis of 
this multifactorial disease is still unclear; almost certainly it includes 
inflammation, autoimmune attack, and vascular damage, leading to 
fibroblast activation and disturbed interactions with different com-
ponents of the extracellular matrix (ECM) [3,4]. The reason for the 
presence of abnormal fibroblasts in SSc is not yet known, but it is 
possible that they develop from a subset (or subsets) of cells that have 
escaped normal control mechanisms. 
The regulation of collagen synthesis in normal fibroblasts is com-
plex. Recent research has shown that the cell receives a multitude of 
signals, which it processes in an as yet unknown manner. These 
signals come not only from the ECM [5,6]' but also from various 
cytokines such as interferon-y, interleukin-1, transforming growth 
factor-p (TGF-P), and platelet-derived growth factor (PDGF) [7 -
10]. As detailed study has shown, ill vitro TGF-p greatly increases 
collagen synthesis [7,8] . 
Explant cultures of dermal fibroblasts from SSc patients, when 
compared to normal fibroblasts, show a markedly increased expres-
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bovine serum, no difference between systemic sclerosis and 
normal fibroblasts in capacity to down-regulate pro-al(I) 
was observed. Collagen-binding /31 integrins mediate the 
functional interactions between fibroblasts and the collagen 
fibers. To assess the cell surface expression of collagen-bind-
ing /31 integrins on fibroblasts, we labeled cells with 1251 and 
subjected Triton X-100 extracts from them to immunopre-
cipitation with anti-/31 integrin immunoglobulin G. Among 
the systemic sclerosis fibroblasts, a larger number of isolates 
expressed low amount of 01.1/31 than did the fibroblasts isolated 
from normal individuals . Our data are compatible with the 
hypothesis that systemic sclerosis fibroblasts have a disturbed 
interaction with collagen fibers; this disturbance may in part 
be the result of an aberrant expression of collagen-binding /31 
integrins.] Invest DermatoI101:216-221 , 1993 
sion of mRNAs encoding for the interstitial collagens types I and III 
[2,11,12]. It has been reported that the activity of a construct con-
taining the promoter for pro-a2(I) collagen had a higher transcrip-
tional activity in SSc fibroblasts compared with normal [13]. Fur-
thermore, an increase in pro-a2(I) and pro-a1 (I) mRNA half-lives 
in SSc fibroblasts has been reported [14]. The increased message is 
translated into mature protein. No qualitative difference in the bio-
chemical characteristics of collagen that are produced by SSc fibro-
blasts and normal fibroblasts have been found [15 - 17]. When cul-
tured ill vitro, the scleroderma fibroblast phenotype reverts after a 
certain number of passages. 
The present study investigated the functional interactions of SSc 
fibroblasts with native collage type I fibers. Specifically. we ana-
lyzed and compared the ability of normal and SSc fibroblasts to 
contract three-dimensional coll agen gels and to down-regulate 
their collagen pro-al(1) levels when grown in such gels. Addition-
ally, because PI integrins (reviewed in [18 -20]) are involved in the 
attachment of fibroblasts to collagen fibers [18,19,21], we investi-
gated the difference in the PI integrin pattern between the two types 
of cells. 
MATERIALS AND METHODS 
Cell Lines Fibroblast cultures were grown from punch biopsies taken 
from the involved skin of 21 patients with diffuse systemic sclerosis and from 
17 normal volunteers. Cultures were grown by an explanation method. The 
cells were propagated in Dulbecco's modification of Eagle 's medium 
(DMEM) supplemented with 10% fetal bovine serum (FBS) and analyzed 
before they reached passage six. Immediately preceding the experiments, the 
cells were washed with phosphate-buffered saline (PBS) (0.13 M NaCl, 
0.01 M sodium phosphate. pH 7.4), containing 10 mM ethylenediamine 
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Figure 1. Specificity of the pro-al~I) probe (A) and GAPDH probe (B) as 
determined by Northern blottl11g. Five micrograms of total RNA from each 
of the following cell lines were electrophoretically separated on agarose gels: 
lane 1, normal fibroblasts; lalle 2, SSe fibroblasts. Separated RNA were dena-
tured, transferred to Hybond membranes and hybridized with the respective 
cDNA probes as detailed in Materials atJd Methods. 
tetraacetic acid (EDTA). Cells were detached by treatment with 0.05% 
ttypsin-0.02% EDTA in Puck's saline A (GIBCO, Paisley, UK), then 
washed with DMEM before being mixed with collagen solution or seeded 
onto plastic tissue culture dishes. 
Reagents Bovine dermal collagen type I was obtained commercially (Vi-
trogen 100, Collagen Corp. , Palo Alto, CAl. Recombinant platelet-derived 
growth factor (PDGF) BB purified from supernatants of transfected yeast 
cells [22] was kindly donated by Dr. Carl-Henrik Heldin, Ludwig Institute 
for Cancer Research. Uppsala, Sweden. Protein A-Sepharose CL-4B was 
obtained from Pharmacia AB (Uppsala, Sweden). Lactoperoxidase, glucose-
oxidase type II , and pepstatin A were purchased from Sigma Chemical Co. 
(S t. Louis, MO) . Leupeptin and bovine serum albumin (BSA) were pur-
chased from Boehringer Mannheim (Mannheim, FRG) and aprotinin was 
purchased from Bayer (Leverkusen. FRG) . DMEM was supplied by the 
Swedish Veterinaty Agency (Uppsala. Sweden) and was supplemented with 
penicillin G (KABI. Stockholm, Sweden). FBS was purchased from Flow 
Laboratories (Irvine, UK). Trypsin-EDTA was purchased from GIBCO. 
Probes A 372-bp cDNA probe (kindly donated by Dr. Eero Vuorio, Uni-
versity of Turku, Finland) was used for the analysis of type I collagen 
mRNA. This probe corresponds to a conserved region of the carboxyl pro-
peptide of human pro-al(I) collagen [23]. A 700-bp cDNA probe corre-
sponding to human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
(24) was used to control for variations in total mRNA. The specificities of 
the probes were assessed by Northern blotting. The pro-a 1 (I) cDNA probe 
reacted specifically with the two 7.2- and 5.9-kb collagen type I mRNA 
species and the GAPDH cDNA reacted specifically with the single 1.8-kb 
GAPDH mRNA species (Fig 1). 
Quantitation of Collagen Gel Contraction Contraction of collagen 
lattices was performed in 24-well plates (Nunc. Roskilde, Denmark). The 
plates were pre-coated with sterile 2% BSA in PBS (2 ml/well), incubated at 
37"C for a minimum of2 h. and then washed three times with sterile PBS. 
Trypsinized fibroblasts suspended in MCDB medium were mixed on ice 
with the collagen solution (one part of 0.2 M N-2-hydroxyethylpiperazine-
N'-2-ethanesulfonic acid (HEPES), pH 8.0. four parts of collagen (Vitro-
gen-l00,3 mg/ml and five parts of MCDB X 2) yielding a final concentra-
tion of 80,000 cells/ml and 1.2 mg/ml of collagen. One milliliter of the 
collagen/ ce ll suspension was added to each well without introducing air 
bubbles. The plates were immediately incubated at 37"C to allow gels to 
form. After 1 h.l ml ofMCDB medium was added to each well. causing the 
release of the collagen gels from rhe plastic support. The plates were further 
incubated at 37 °C for the indicated time periods. An inverted microscope 
equipped with an ocular micrometer was used to estimate contraction by 
measuring the diameter of the so-called cellular ring [25 ,26] appearing at the 
periphery of the gels. 
Quantitation of Collagen Type I mRNA Levels Cells were cultured 
in parallel on plastic tissue culture dishes or in three-dimensional collagen 
gels. in the absence or presence of 1 0% FBS for 24 h. Cells in the serum-free 
experiments, were cultivated in MCDB medium; in the experiments with 
serum, DMEM medium was used. Collagen gels were prepared as described 
above. Total RNA was extracted from the cell cultures and levels of collagen 
pro-al(I) mRNA were determined as described below; levels of pro-al(I) 
mRNA from monolayer cultures on plastic served as positive controls and 
this value was set at 100%. Total RNA was extracted by the acid-guanidin-
ium-phenol-chloroform method (27). Levels of collagen type I-specific 
mRNA were determined either by dot blotting or by Northern blotting. In 
the dot blotting procedure, formaldehyde-denatured RNA was applied by 
Hybond N+ nylon membranes (Amersham International. Amersham. UK) 
with the aid of a vacuum chamber device (Bio Rad. CAl, fixed on a bed of 
0.05 M NaOH and washed briefly in 2 X SSPE (SSPE: 0.15 M NaCI, 
10 mM NaH2PO., 1 mM EDTA). The Northern blotting procedure was 
performed according to Sambrook e! al [28] using a VacuGene XL vacuum 
blotting system (Pharmacia, Uppsala, Sweden) . 
Hybridization and reprobing were done according to the recommenda-
tions of the manufacturers. Probes were labeled with dCT32P to a specific 
activity of 10' dpm/ .ug of DNA using the Megaprime random priming 
method (AI~ersham, UK). M~mbranes were probed with the collagen pro-
al(I)-speCific probe and subjected to autoradiography. Signal intensities 
were determined by laser densitometry on an Ultroscan XL (LKB-Wallac, 
Stockholm, Sweden). Differences in total mRNA were estimated by strip-
. ping the membranes. boiling for 5 min in 0.2% sodium dodecylsulfate , 
checking for complete removal of the probe by autoradiography, reprobing 
with the GAPDH cDNA probe. and processing as above. The data were used 
to determine a pro-al(I) mRNA/ GAPDH mRNA index to be used as a 
measure oflevels of collagen pro-al(I) mRNA. Experiments were designed 
so that pro-al(I) mRNA/GAPDH mRNA indices from collagen gel cul-
tures and the parallel monolayer cultures were analyzed on the same mem-
brane. Collagen pro-al(I) mRNA levels in collagen gels were thus always 
determined as a proportion (%) of the levels determined in parallel mono-
layer cultures. 
Determination of Cell Surface PI Integrin Expression The expres-
sion of PI integrins (VLA proteins) on the cell surfaces of normal and SSc 
fibroblasts was analyzed by surface-iodination of subconfluent fibroblast 
mono layers. Fibroblasts were grown in the presence of 10% FBS for 2 d, 
trypsinized, and cultured in a new dish, still in the presence of 10% FBS for 
24 h prior to labeling. Culture plates (IOO-mm tissue culture dishes) were 
incubated with 0:5 mCi 12sI (Amersham, UK). 30.ug of lactoperoxidase, 
1.2.ug glucoseoxldase, and 5 mM P-D-glucose, all in 1 ml of PBS, for 
20 min at room temperature. After the plates were washed with cold PBS 
(5 X 10 ml), 1 ml of lysis buffer (1% Triton X-I00. 1 mM MnCI2, 10 mM 
Tris-HCI pH 7.4. containing 1 mM phenyl-methyl-sulfonyl-fluoride. 1% 
aprotinin. l.ug/ml pepstatin A, and 1 .uM leupeptin) was added to them. The 
plates were then incubated for 30 min at 4 °C. Insoluble material was re-
moved by centrifugation at 14,000 g for 1 h. Mn-++ was present to stabilize PI 
integrin heterodimers. 
Cell extracts were incubated with purified pre-immune rabbit immuno-
globulin G (IgG) (100 .ug/ml) end-over-end for 3 h. One hundred micro-
liters protein A-Sepharose CL 4B (50% slurry with 0.1% Triton X-l00. 
0.15 M NaCI. 10 mM Tris-HCI pH 7.4) was then added and allowed to 
bind for 1 h. The cleared extracts were incubated with monospecific anti-PI 
IgG (29) (100 .ug/ml) overnight, followed by an additionall-h incubation in 
the presence of 100 Jll protein A -Sepharose slurry. All steps were performed 
at 4°C. The samples were washed four times with 1 % Triton X-l00. 0.5 M 
NaCI,1 mMMnC12.10 mMTris-HClpH7.4,andthentwicewithO.13 M 
NaCI, 0.01 M Tris-HCI pH 7.4 (TBS). prior to solubilization and boiling in 
polyacrylamide-gel electrophoresis in sodium dodecyl sulphate (SDS-
PAGE) sample buffer. 
The precipitated proteins were then separated by SDS-PAGE under non-
reducing conditions. Electrophoresis was performed in SDS-polyacrylamide 
gradient gels (5 - 10%) accor.dm~ to Blobel and Dobberstein [30). A Sigma 
Mw-SDS-200 marker protem kit supplemented with fibronectin was la-
beled with 1251 using lodo beads (Pierce Chemicals Co., Rockford, IL) ac-
cordmg to the recommendations of the manufacturer. After electrophoresis, 
the gels were dried and exposed to Kodak X-Omat AR films. 
. Autoradiograms were analyzed by laser scanning. Under reducing condi-
tIOns the ~,-cham ml$rates on SDS-PAGE as a polypeptide with a high M, 
enabllllg It to be dlstlllgUished from other a chains. We determined the 
indices of the signals from the a l and PI bands, i.e., the expression of a l 
relative to the expression of total PI integrins. Non-reduced gels were used to 
avoid contamination of the integrin PI band by any of the a bands, ego a s and 
a3 • that migrate as smaller proteins in the same position as the PI band after 
reduction. It was not possible to perform a similar type of analysis to deter-
mine the expression of the a2 chain because under non-reduced conditions 
the a2 band migrates too closely to other a bands. e.g., a3 and as. Relative 
determinations of the expression of the a2 band using reduced gels was not 
reliable because differences in the expression of other integrin a bands 
migrating at the position of the PI band wouId affect the results. 
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Figure 2. Pro-a1(1) mRNA down-regulation by normal (n = 11) and SSc 
(n = 15) fibrobl asts after culture for 24 h in free-floating three-dimensional 
collagen gels in the absence offetal bov1l1e serum. Pro-a1 (I) mRNA levels 111 
collagen gels arc expressed as percentage of the correspondi ng levels in 
monolayer cultures. Data arc pooled from experiments in which Northern 
and dot blot analyses were used as described in Materials a"d Methods. 
RESULTS 
Comparison of Down-Regulation of Collagen Type pro-
a1(I) mRNA of Normal and SSc Fibroblasts Grown in 
Three-Dimensional Collagen Gels Systemic sclerosis (n = 
15) and normal fibrobl asts (n = 11) were cultured for 24 h under 
serum-free conditions in three-dimensional collagen gels and in 
parallel monolayer cultures. The levels of pro-collagen type I 
mRNA in th e cultures were then determined by Northern or dot 
blot analysis. When grown in collagen gels, the SSc fibroblasts as a 
group down-regulated their pro-collagen type I mRNA levels less 
markedly than did the group of control fibroblasts : to 66% and 47%, 
respective ly;of the levels in corresponding monolayer culture levels 
(Fig 2). The difference in the mean values was significant by Stu-
dent t tes t and by Wilcoxon's rank sum test (p < 0.015 in both 
tests). It should be emphasized that the SSc fibroblasts had a higher 
level of collagen pro-al(I) mRNA than did the normal fibroblasts; 
only re lative decreases are given in Fig 2; in absolute numbers the 
differences would appear larger. 
W e also investigated the effects of FBS on the down-regulation 
of coll agen pro-at (I) mRNA by cell s grown in collagen gels. In the 
limited number of cases investigated (five SSc patients; four con-
trols), using cells from patients distinct from those investigated in 
Fig 2 no significant difference between SSc and normal fibroblasts 
was observed (Fig 3) . 
Contraction of Three-Dimensional Collagen Gels We 
could discern no consistent difference in the initial kinetics of coll a-
ge n gel contraction berween normal and SSc fibrobl as ts. The time 
required to achieve a contraction to 60% of the initial gel area varied 
between 4 and t4 h for both populations (Fig 4) . The addition of 
FBS to a final concentration of 4% stimulated the initial kinetics of 
the contraction processes mediated by both types of fibroblasts (Fig 
5 and data not shown) . Similarly, PDGF-BB stimulates collagen gel 
contraction mediated by normal fibroblasts [2t ,31]; PDGF-BB also 
potently stimulated the contraction of SSc fibroblasts (data not 
shown) . 
Six SSc fibroblast isolates and five normal fibroblast isolates as-
sayed for both contraction of collagen gels and down-regulation of 
co ll agen pro-at (I) mRNA were compared. The norma] fibrobl as ts 
showed a close linear re lationship (r = 0.94) berween time required 
for achieving contraction to 60% of initial collagen gel area and 
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Figure 3. Pro-a1(1) mRNA down-regulation by normal (n = 4) and SSe 
(n = 5) fibrobl asts after culture for 24 h in free-floating three-dllnenslOnal 
collagen gels in the presence of 10% fetal bovine serum. RNA samples were 
analyzed by the dot blot technique as described in Materials and Methods. 
degree of collagen pro-a 1 (1) mRNA down-regulation. SSc fibro-
blasts showed no such relationship (r = 0.57) (Fig 6). However, one 
of the SSc fibrobl ast isolates resembled the normal fibroblasts with 
regard to the correlation between the initial kinetics of collagen gel 
contraction and down-re gulation of collagen pro-a1(I) mRNA. 
Expression of PI Integrins The Pl integrin patterns obtained 
with SSc fibroblasts showed some differences from those obtained 
with fibroblasts from normal subjects; a low presence of integrin 
a 1-chain (Mr around 170,000 to 190,000) was evident in several of 
the labeled SSc fibroblast extracts (Fig 7). To obtain a semiquantita-
tive measure of the expression of the co llagen-binding integrin 
a 1Pl ' we analyzed 11 SSc fibrobl ast and nine control fibrobl ast 
cultures by immunoprecipitation and autoradiography as described 
in Materials and Methods. The results are summarized in Fig 8. The 
relative expression of the a 1 band was general1y lower in the SSc 
fibroblasts; nine of 1t (82%) of the SSc fibroblasts had an ai/PI 
index below 0.12, whereas only two of nine (22%) of the normal 
fibroblasts fell within this category (Fig 8) . 
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Figure 4. Kinetics of initial contraction of collagen gels by five SSc (A) and 
four normal fibroblast isolates (B). Ce lls were grown for the indicated time 
periods in free-floating collagen gels in the absence of serum. Collagen 
contraction was determined as described in Materials OIld Methods. 
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Figure 5. Effect of serum o n SSc fibrobl ast-mediated contraction of free-
floating collagen ge ls. Cells were cultured 111 co ll agen gels for the indicated 
time periods as described in Materials al,d Methods in the presence (so lid circles) 
and absence (OpCll circles) of 4% FBS. Data arc pooled from three different SSc 
fibroblast iso lates, error bars show total spreading of the va lues from these 
three isolates . 
DISCUSSION 
Fibrobl asts cultured in fl oating three-dimensional collagen gels ac-
quire a phenotype different from that of fibroblasts grown on plastic 
dishes ; this phenotype 111 many respects resembles that displayed by 
fibroblas t-like stromal cells in normal adult tissues (32 - 35]. III vivo, 
the synthesis of collage n (2], and the expression of POGF /3-recep-
cors [36] by dermal fibrobl as ts is normally low . 11'1 lIil ro, fibroblas ts 
display an up-regulated coHagen synthesis and expression of POGF 
/3-receptors when cultured as monolayers. In contrast , fibroblasts 
cultured in three-dimensional coll age n gels acquire a phenotype 
resembli ng that seen il'l "illo w ith decreased synthesis of collagen 
types 1 and III (5,6], decreased sensitivity to various growth fac tors, 
and decreased express ion ofPO GF /3-receptors (34 ,37]. It is possible 
that the putati ve feedback signals operating in these down-regula-
tions of cellular activities are deficient in fibroti c conditions such as 
SSc. In the present study we have explored the possibili ty tbat SSc 
fib roblasts are disturbed in th eir ability to functionally interact with 
native collagen fibers. 
W e investi gated the regulation of collagen pro-ex 1 (I) mRN A 
levels in SSc and normal fib robl as ts grown in three-dimensional 
coll agen ge ls. Mauch et at [5] demonstrated that fo r cells grown in 
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Figure 6. Relationship between contraction of collagen gels and down-re-
gulation of coll agen pro-a l (I) mRNA by normal (opell Circles) and SSc fibro-
blasts (filled circles) . C ells were cultured in free- fl oating collagen gels in the 
absence of serum. Contraction is expressed as the t ime required to contract 
the collagen gels to 60% of the initial ge l area. T he pro-a l(l) mRN A 
down-regulation da ta are partl y the same as those in Fig 2. 
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Figure 7. Shows p, in tegrin pa tterns of 9 normal and 11 SSc fibrob las ts. 
Cells were surface labeled with ' 2S1 and subjected to immunoprecipitation 
with monospecific anti-p, integrin !gG fo llowed by separation on SDS-
PAGE and autoradiography, all as described in Materia ls alld Metl,ods. Gra-
dient (5- 10%) polyacrylamide gels were used and rhe separations were 
perfo rmed under non- reduced cond itions. 
collagen gels there is a close correlation between the levels of colla-
gen types I and III mRNA and th e synthesis of the corresponding 
proteins. Based on this and oth er studies [11 - 16]. it seems reason-
able to assume that a down-regul ation of pro-exl (I) mRNA leads to a 
decreased synthesis of co llagen type 1. Compared with their normal 
counterparts, SSc fib robl as ts were impa ired in their abili ty to down-
regulate the level of coll agen pro-ex1 (I) mRNA w hen cultured in 
three-dimensional collagen ge ls. The levels of collagen pro-ex! (I) 
mRNA in coll agen gels compared with monolayer cultures varied 
considerabl y between individ ual cell isolates. For SSc fibroblasts 
cul tured under serum-free condi tions , the value varied between 47 
and 116% and fo~ normal fibroblas ts between 23 and 81 %, respec-
tively. These van atlons demonstra te a heterogeneity among the 
individual cell iso lates . However, under serum-free conditions SSc 
fibroblasts as a group exhibited a significantl y lower level of down-
regulation than did the normal fib roblasts. 
When transferred to collagen gels, fibroblasts cultured on pl as tic 
dishes reorganize the co ll agen fibers and contrac t the gel. T his 
precedes the changes in phenotype discussed above. T he character-
istics of the contraction depend on th e cell type [38] and on the type 
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Figure. 8. D istribution .of normal and SSc fibroblasts according to their 
expressIOn of the II1tegnn a i-chain. T he cell iso lates used arc the same as 
those shown in Fig 7. Cells were labeled with 12S! and subj ected to immuno-
p recip ita tion with monospec ific anti-p, in tegrin IgG fo llowed by separa tion 
0~1 SDS-PAGE under non-reduced cond itions and autoradiography. Autora-
dlOgrams were anal yzed by laser sca nn ing as described in Materials alld Meth -
ods. A total of 11 different isolates ofSSc fi broblasts (solid bars) and 9 normal 
(ha tched bars) were analyzed. The a,/p, ratios were determined and the 
numbers of isolates showin g ratios between the indicated intervals are ex-
pressed as percent of tota ls in each group. 
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and concentration of the coll agen ill the lattice [39,40]. Collagen 
ge l contraction ca n be inhibited by th e addition of drugs affecting 
cytoskeletal organ ization [39 ,41,42]. Fibroblast-mediated contrac-
tion of co llagen gels is stimulated by TGF-/3, PDGF, and serum 
[2 1,31 ,37,43]. Gill ery et al [44] recently demonstrated that in the 
presence of serum, SSc fib.r.oblasts contracted collagen gels faster and 
to a greater extent than did normal fibroblasts . No ~uch difference 
cou ld be detected by us, either when cel ls were cultivated 111 either 
the presence or the absence of serum (Fig 4 and data not shown) . 
Differences in assay conditions between the two studies may explain 
th e apparent discrepancy with regard to serum-stimulated collagen 
gel contraction. 
We found th at normal fibroblasts exhibited a linear relationship 
between initial coll agen gel contraction and down-regulation of 
co ll agen pro-0'1(I); no such linear re lationship was detectable for 
SSc fibroblasts. Because SSc fibroblasts under serum-free conditions 
contracted coll agen gels with the same initial kinetics as normal 
fibrobl asts, our data are compatible with the fact that collagen syn-
thesis in SSc fibrobl as ts is released from a control mechanism that in 
normal cells is dependent on contraction. 
It has been suggested that the changes in fibroblast phenotype 
seen in floating collagen gels result from a release of tensile stress on 
th e fibrob lasts [33,34]. The transduction of such tensile forces from 
the ECM to th e cell interior is largely mediated by integrins 
[20 ,34,45]. We have ea rlier reported that anti-/31 integrin IgG ef-
fectively inhibited PDGF-stimulated collagen gel contraction [21]. 
This observation demonstrates that the reaction involves collagen-
binding /31 integrins, most likely 0'1/31 and/or 0'2/31' because these 
integrins seem to be the major adhesion receptors for collagen on 
primary cells [46] . Recently, a direct ro le for 0'2/31 in the contraction 
of coll agen gels has been demonstrated [47] . Based on our earlier 
observations, we reasoned that the disturbances in functional inter-
actions with three-dimensional coll agen gels exhibited by the SSc 
fibrobl as ts may in part be due to an aberrant expression of collagen-
binding integrins. In support of this view is our recent finding that 
monoclonal anti-rat integrin 0'1/31 IgG blocks down-regulation of 
coll agen pro-0'1(1) mRNA, but only marginally collagen gel con-
traction of rat fibrobl asts grown in coll agen gels (unpublished ob-
servations). Therefore we investigated the expression of the colla-
gen-binding integrin 0'1/31 on SSc and normal fibroblasts. Our data 
suggest that. SSc fibroblasts expressed lower amounts of 0'1/31 than 
did normal fibroblasts. The variation in expression between indi-
vidual cell s was large in both populations. However, the main dif-
ference between normal and SSc fibroblasts was in the distribution 
of ce lls expressing high or low amounts of 0'1/31; a larger number of 
the SSc fibroblasts expressed lower amounts of 0'1/31 than the normal 
fibroblasts. To minimize the possibility that secreted collagen binds 
available collagen receptors on the cell surface, cells were labeled at 
sub-confluent conditions (24 h after passage); ascorbic acid was not 
present in the culture medium to keep collagen production as low as 
possible during the 24-h culture period [48,49]. It was recently 
reported that /31 integrin epitopes were more abundant in biopsies 
from SSc skin than from normal skin and that these /31 integrins 
were partly found in association with resident fibroblasts [50]. To-
gether with the findings presented here, this indicates that SSc 
fibrobl asts may have a change in the pattern of integrins, with lower 
relative amounts of the collagen binding integrin 0'1/31 . 
In conclusion, we report two differences between normal and SSc 
fibroblasts : 1) the impaired down-regul ation of collagen pro-O' 1 (1) 
mRNA as a result of culturing in collagen gels and 2) an over-repre-
se ntation of cel ls expressing low amounts of 0'1/31 ' When interpret-
ing these results it should be remembered that scleroderma is a 
heterogeneous disease. The patient population studied included dif-
fuse scleroderma with a disease duration that varied from 2 to 16 
years. For technical reasons it was not possible to perform direct 
correlations between collagen pro-0'1 (I) down-regulation and ex-
pression of 0'1/31 on the same fibroblast isolates. However, our data 
are compatible with the hypothesis that an aberrant expression of 
collagen-binding integrins on SSc fibroblasts may be relevant to 
their defective regulation of collagen synthesis. Our data strength-
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
ens the concept that an important pathogenetic mechanism in scle-
roderma is the aberrant expression of co llage n receptors . 
W e aregrateJIIIJor the va illable 11ff]! oJMs.Jallct Ellio tt alld M s. Ysabel]. Howard ill 
the prepllratioll oj this ttJOIlllSCript . 
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